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SPECIFICATION 

I . Title of the Invention 

Heat-Resistant Alloy Having Excellent High-Temperature 
Corrosion Resistance 

II. Claims 

(1) A heat-resistant alloy having excellent high- 
temperature corrosion resistance, which is characterized by 
comprising 

C 0.05 - 0.25%, Si 1.00% or less, Mn 5.0 - 15.0%, Ni 35.0 - 
65.0%, Cr 20.0 - 35.0%, N 0.10 - 0.60%, balance Fe as well as 
impurity elements by weight ratio. 

(2) A heat-resistant alloy having excellent high- 
temperature corrosion resistance, which is characterized by 
comprising 

C 0.05 - 0.25%, Si 1.00% or less, Mn 5.0 - 15.0%, Ni 35.0 - 
65.0%, Cr 20.0 - 35.0%, N 0.10 - 0.60%, and one, two or more of 
Mo 0.05 - 2.00%, W 0.05 - 2.00%, V 0.05 - 3.00%, Nb 0.05 - 
3.00%, B 0.0005 - 0.0100%, balance Fe as well as impurity 
elements by weight ratio. 
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(3) A heat-resistant alloy having excellent high- 
temperature corrosion resistance, which is characterized by com- 
prising 

C 0.05 - 0.25%, Si 1.00% or less, Mn 5.0 - 15.0%, Ni 35.0 - 
65.0%, Cr 20.0 - 35.0%, N 0.10 - 0.60%, and one, two or more of 
Al 0.01 - 0.50%, rear-earth elements 0.005 - 0.100%, Ca 0.0005 - 
0.0200%, Mg 0.0005 - 0.0200%, balance Fe as well as impurity 
elements by weight ratio. 

(4) A heat-resistant alloy having excellent high- 
temperature corrosion resistance, which is characteri2ed by 
comprising 

C 0.05 - 0.25%, Si 1.00% or less, Mn 5.0 - 15.0%, Ni 35.0 - 
65.0%, Cr 20.0 - 35.0%, N 0.10 - 0.60%, one, two or more of Mo 
0.05 - 2.00%, W 0.05 - 2.00%, V 0.05 - 3.00%, Nb 0.05 - 3.00%, B 
0.0005 - 0.0100%, and one, two or more of Al 0.01 - 0.50%, rear- 
earth elements 0.005 - 0.100%, Ca 0.0005 - 0.0200%, Mg 0.0005 - 
0.0200%, balance Fe as well as impurity elements by weight 
ratio . 

III. Detailed Description of the Invention 

This invention relates to a high-temperature heat-resistant 
alloy having excellent high- temperature corrosion resistance, 
high-temperature strength and producible with the dissolution of 

1 Numbers in the margin indicate pagination in the foreign text. 
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air which can be used as a heat-resistant material of exhaust 
valve of a gasoline engine. 

/! 

The exhaust valve of a gasoline engine is exposed to a 
high- temperature corrosive exhaust gas and used under severe 
conditions such as high-speed running at a high temperature of 
800°C or above. C0 2 , H 2 0 and residual 0 2 , etc. exist in the high- 
temperature combustion gas, the valve is subjected to oxidation 
due to the compounds, particularly, the valve face is violently 
eroded by reaction products (PbS0 4/ PbBrCl, Pb 3 (S0 4 ) 2 / etc. of 
lead oxide that is produced by burning tetraethyl lead or 
tetramethyl lead added into gasoline as antiknock agent and S, 
Cl, Br, P, etc. contained as impurities in gasoline. 

Moreover, a large tensile stress and a bending stress act 
on the valve head during seating due to the tension of valve 
spring and inertia force of valve itself. 

21-4N steel (Fe-21Cr-9Mn-4Ni-0 . 5C-0 .4N) is given as a 
material most frequently used now for the valve of gasoline 
engine in Europe, USA and Japan. 

However, even high output and high speed have been made in 
the latest high-performance engine, the high-temperature 
corrosion resistance and the high- temperature strength are 
insufficient in said 21-4N steel under such severe conditions, 
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and a condition of hard-to-resist to uses also appears, thus the 
development of alloys having much more excellent high- 
temperature corrosion resistance and high-temperature strength 
than 21-4N steel has been demanded. 

Corresponding to such situation, Ni-based alloys or bush 
metal valve of stellite tend to be used in the exhaust valve 
recently. However, the Ni-based alloys increase the valve cost 
because the material is expensive, in addition, they have 
insufficient corrosion resistance against S-containing high- 
temperature combustion gas in a high- load engine. 

Furthermore, the cost of bush metal valve of stellite is 
high because the metal bushing is complicated and considerable 
man power is needed as well as properties as exhaust valve are 
also insufficient in a high-load engine. 

This invention was to eliminate such drawbacks of 
conventional steels, and the inventor repeated various studies, 
consequently he improved the corrosion resistance due to S- 
containing molten lead oxide (called composite lead oxide 
corrosion resistance hereafter) by substituting a part of Ni of 
said Ni-based alloy to contain Mn therein, and this invention is 
an alloy having an excellent high- temperature corrosion 
resistance and an equal high-temperature strength as compared 
with the Ni-based alloy which has been used before and is a much 



cheaper high-temperature corrosion-resistant alloy by using Ti, 
Al, etc. having no effects of the corrosion resistance at high 
temperatures and N, C producible with the dissolution of air as 
reinforcing elements for increasing the strength at high 
temperatures . 

The invented alloy is cheaper than the metal bushing valve 
of stellite and has excellent properties because it does not 
need complicated processes like stellite bushing in the valve 
manufacture and is similarly producible by upset forging as 
conventional 21-4N steel exhaust valve. 

As described above, the invented alloy can be widely used 
in various heat-resistant parts, heat-resistant tool material, 
high-temperature sliding member, etc. as well as exhaust valve 
because it has excellent high- temperature corrosion resistance, 
high-temperature oxidation resistance and high-temperature 
strength. 

The invented alloy will be explained in detail below. 

The first invented alloy contains C 0.05 - 0.25%, Si 1.00% 
or less, Mn 5.0 - 15.0%, Ni 35.0 - 65.0%, Cr 20.0 - 35.0%, N 
0.10 - 0.60%; the second invented alloy further contains one, 
two or more of Mo 0.05 - 2.00%, W 0.05 ■ 2.00%, V 0.05 - 3.00%, 
Nb 0.05 - 3.00% and B 0.0005 - 0.0100% in the first invented 
alloy and further raises the high- temperature strength without 
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much deteriorating the high-temperature corrosion resistance of 
said first invented alloy; the third invented alloy further 
contains one, two or more of Al 0.01 - 0.50%, rear-earth 
elements 0.005 - 0.100%, Ca 0.0005 - 0.0200% and Mg 0.0005 - 
0.0200% in the first invented alloy to raise the thermal 
workability and high-temperature strength of the first invented 
alloy; and the fourth invented alloy further contains one, two 
or more of Al 0.01 - 0.50%, rear-earth elements 0.005 - 0.100%, 
Ca 0.0005 - 0.0200%, Mg 0.0005 - 0.0200% in the second invented 
alloy to raise the thermal workability and the high-temperature 
toughness of the second invented alloy (by weight ratio) . 

Reasons for limiting the composition of the invented alloy 
are explained below. 

C solid dissolves in a part of ground mass to reinforce it 
and forms carbides to reinforce base material . The reinforcement 
of base material by carbides is effective, but the effect is 
small 

/I 

if C is less than 0.05% while the thermal workability is 
markedly impaired if C is more than 0.25%, therefore the range 
of C was taken as 0.05 - 0.25%. 

Si solid dissolves in ground mass to reinforce it and 
improves the high- temperature oxidation resistance, but the 
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high-temperature lead oxide corrosion resistance is impaired if 
Si is more than 1.00%, therefore the upper limit of Si was taken 
as 1.00%. 

Mn markedly improves the composite lead oxide corrosion 
resistance of high N alloy containing S compounds and other 
impurities . Fig . 1 shows the effect of Mn on the composite lead 
oxide corrosion resistance, and it is known from Fig. 1 that Mn 
markedly improves the corrosion resistance if Mn is 5.0% or 
more. Therefore, the lower limit of Mn was taken as 5.0%. 

If Mn is more than 15%, a low-melting Ni-Mn eutectic 
crystal produces and the thermal workability becomes markedly 
difficult, therefore the upper limit of Mn was taken as 15.0%. 

Ni is essential to obtain a stable austenitic texture, 
prevent the formation of a harmful precipitate deteriorating 
mechanical properties, such as o phase, etc. and improve the lead 
oxide corrosion resistance and composite lead oxide corrosion 
resistance, therefore the lower limit of Ni was taken as 35.0%. 
If Ni is more than 65%, the effect enhancement is little even it 
is contained and the alloy becomes expensive, therefore the 
upper limit of Ni was taken as 65.0%. 

Cr is essential to the enhancement of composite lead oxide 
corrosion resistance, if Cr is less than 2 0.0%, the enhancement 
is insufficient, therefore the lower limit of Ni was taken as 
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20.0%. If Cr is more than 35.0%, the effect enhancement is 
little even it is contained, and a harmful precipitate 
deteriorating mechanical properties, such as o phase, etc. easily 
occurs, therefore the upper limit of Ni was taken as 35.0%. 

Like Ti and Al, N is an element for enhancing the high- 
temperature strength. As is known from effects of N, Ti, Al on 
the composite lead oxide corrosion resistance shown in Fig. 2, 
Ti, Al markedly deteriorates the corrosion resistance, by 
contrast, N has almost no deterioration effect and is an optimum 
element for enhancing the high- temperature strength. 0.10% C 
must be contained to display the above property, thus the lower 
limit of N was taken as 0.10%. If C is more than 0.60%, it 
impairs the thermal workability, therefore the upper limit of Ni 
was taken as 0.60%. 

Besides the above C, Si, Mn, Ni , Cr, N, if Mo 0.05 - 2.00%, 
W 0.05 - 2.00%, V 0.05 - 3.00%, Nb 0.05 - 3.00%, B 0.0005 - 
0.0100% are added separately or by combining two or more of 
them, the high- temperature strength can be further raised 
without much deteriorating the high- temperature corrosion 
resistance. In this case, if each element is lower than its 
lower limit, the effects are small; if each element is more than 
its upper limit, the high-temperature corrosion resistance or 
the thermal workability is deteriorated. 
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If Al 0.01 - 0.50%, rear-earth elements 0.005 - 0.100%, Ca 
0.0005 - 0.0200%, Mg 0.0005 - 0.0200% are added separately or by 
combining two or more of them, the thermal workability and the 
high- temperature toughness of each alloy can be further raised. 
In this case, if each element is lower than its lower limit, the 
effects are small; if each element is more than its upper limit, 
a harmful phase produces, and the thermal workability and the 
high-temperature toughness are deteriorated instead. 

Next, the characteristics of invented alloy are clarified 
by actual examples as compared with comparison alloys. 

Table 1 show chemical compositions of invented alloys, con- 

/i 

ventional alloys and comparison alloys. In Table 1, A, B are 
conventional alloys, A is 21-4N steel and B is an N-based alloy, 
C and D are comparison alloys, E and F are first invented 
alloys, G is a second first invented alloy, H is a third 
invented alloy, and J is a fourth alloy. 

Table 2 shows corrosion losses in case that the alloy A - J 
of Table 1 are forged, afterward heated at 1,050°C x 1/2 hr to 
make a solid solution and then cooled, subsequently time-effect 
treated at 800°C x 4 hr and then immersed for 1 hr with lead 
oxide of 960°C or a molten composite lead oxide of 900°C for 
measuring the high- temperature corrosion resistance, and the 

10 



high- temperature tensile strength was measured with a test piece 
of a parallel part of 10<|> x 50 mm applied with said treatments. 



Table 1 





Chemical Composition (wt%) 


C 


Si 


Mn 


Ni 


Cr 


N 


Mo 


W 


Nb 


B 


Al 


Ti 


Ca 


Rare -Earth 
Element 


A 


0 .55 


0 .08 


9.16 


4 .4 


21 .4 


0.48 


















B 


0.08 


0.28 


0.21 


73 .2 


15.6 








0. 93 




0 .85 


2.65 






C 


0.11 


0.28 


8.10 


48 .2 


28 .8 












1 .81 


2 .70 






D 


0 .14 


0 .22 


3 .80 


48 .4 


28.5 


0 .86 


















E 


0 .13 


0.25 


5.85 


48 .3 


28 .3 


0 .86 


















F 


0 . 14 


0 .28 


7 .98 


48 .6 


28 .6 


0 .49 


















G 


0 . 14 


0 .24 


8.25 


48 .5 


29 .0 


0 .38 


0.44 




0.55 












H 


0.08 


0.26 . 


8 .10 


47.6 


28.5 


0.37 










0 .021 




0.0083 


0.030 


J 


0.13 


0 .25 


7 .76 


48.3 


28 .0 


0.34 




0.85 




0.0025 






0.0064 


0 .027 



Table 2 





High-Temp. Corrosion Resistance 


Hardness at 
Room Temp. 

(HRC) 


High -Temp . 
Tensile 
Strength 
900°C- (kg/mm 2 ) 


Lead oxide 
corrosion loss 

900°Cxlhr(g/dm 2 -hr) 


Composite Lead oxide 
corrosion loss 

900°C(g/dm 2 -hr) 


A 


26.5 


2.1 


32 


19 


B 


2.5 


85 .3 


32 


25 


C 


24 . 0 


66 .5 


33 


26 


D 


2.1 


85.0 


30 


24 


E 


2.5 


1.9 


30 


24 


F 


2.3 


1.9 


31 


' 24 


G 


3.5 


2.1 


32 


26 


H 


2.5 


2.0 


30 


24 


J 


2.8 


2.2 


31 


26 



For mechanical properties of alloys A - J applied with said 

heat treatment in accordance with use conditions of said exhaust 

valve for gasoline engine, as is evident from Table 2, all the 

alloys A - J can give desirable hardness HRC 30 -88. The high- 
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temperature strength becomes a value as low as 19 kg/cm 2 from 

conventional alloy A being a Fe-based alloy, other alloys C - J 

show values equal to alloy B being an Ni-based alloy (24 - 26 

kg/cm 2 ) because they contain a necessary amounts of Ni and N, Al , 

Ti as reinforcement elements, particularly, the high- temperature 

strength of alloys G, J becomes the maximum by containing Mo, 

Nb, W, B, etc. as elements further enhancing the strength. For 

the high-temperature corrosion resistance, the alloy A has 

excellent corrosion loss of S-containing composite lead oxide 

(2.1 g/dm 2 -hr) because it is a Fe-based alloy but poor lead oxide 

corrosion loss (26.5 g/dm 2 -hr) because it has a low Ni content. 

The alloy A is a Fe-based alloy, by contrast, the alloy B is an 

Ni-based alloy and therefore shows a totally contrast tendency, 

it has an excellent lead oxide corrosion loss (25 g/dm 2 -hr) but a 

very poor composite lead oxide corrosion loss (85.3 g/dm 2 -hr) . 

The alloy C contains a necessary amount of Mn but considerable 

amounts of Al, Ti, therefore both the lead oxide corrosion loss 

and composite lead oxide corrosion loss are large (24.0 g/dm 2 -hr, 

66.5 g/dm-hr) . The alloy D contains necessary amounts of Ni and N 

but an amount of Mn as low as 3.8%, therefore it has excellent 

lead oxide corrosion loss (2.1 g/dm 2, hr) but very poor composite 

lead oxide corrosion loss (85.0 g/dm 2 -hr) . By contrast, the alloy 

E - J being the invented alloys have excellent corrosion 
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resistance equal to the N-based alloy (lead oxide corrosion loss 
2.1 - 3.5 g/dnvhr) and much more excellent high- temperature 
corrosion resistance than the N-based alloy (composite lead 
oxide corrosion loss 1.9 - 2.2 g/dm 2 -hr) . From this, it is known 
that the invented alloys not only have excellent high- 
temperature strength and lead oxide corrosion resistance but 
also have excellent corrosion resistance of composite lead oxide 
containing S and other impurities, thus they have very excellent 
corrosion resistance to the high-temperature combustion gas. 

Next, Fig. 3 shows the thermal workability of invented 
alloys, in Fig. 3, E, G, H, J are the first invented alloy to 
the fourth invented alloy having same compositions as alloys 
shown in said Table 1 and Table 2. In a high- temperature torsion 
test, samples were cut out from the surface layer part of a 50 
kg ingot in a direction perpendicular to columnar crystal, and 
test pieces of lOcJ) x 30 mm in parallel part were used. The test 
pieces were kept at a revolution of 25 rpm, heating temperatures 
of 900°C, 1,000°C, 1,100°C, 1,200°C as test conditions for 15 min 
and then measured. 

As is evident from the test results in Fig. 3, the alloy H 
containing 0.0083% of Ca and 0.080% of rare-earth elements being 
the third and fourth invented alloys and the alloy J containing 
0.0064% of Ca and 0.0027% of rare-earth elements being the third 
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and fourth invented alloys show a higher number of rupture twist 
than the alloys E, G being the first and second invented alloys. 
From this, it is known that the third and fourth invented alloys 
containing Ca, rare-earth elements are excellent in the thermal 
workability. 

As described above, the invented alloys have excellent high- 

/5 

temperature strength equal or higher than the Ni -based alloy and 
more excellent corrosion resistance against a high- temperature 
combustion gas than the Ni-based alloy by containing C 0.05 - 
0.25%, Si 1.00% or less, Mn 5.0 - 15.0%, Ni 35.0 - 65.0%, Cr 
20.0 - 35.0%, N 0.10 - 0.60% and, as needed, Mo 0.05 - 2.00%, W 
0.05 - 2.00%, V 0.05 - 3.00%, Nb 0.05 - 3.00%, B 0.0005 - 
0.0100%, further enhance the thermal workability and the high- 
temperature toughness by containing Al 0.01 - 0.50%, rear-earth 
elements 0.005 - 0.100%, Ca 0.0005 - 0.0200%, Mg 0.0005 - 
0.0200%, and the invented alloys are producible with the 
dissolution of air and are. heat-resistant alloys having 
excellent high- temperature corrosion resistance and producible 
much cheaply than the bush metal of stellite, thus this 
invention makes a great contribution to the industry. 
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IV. Brief Description of the Drawings 

Fig. 1 is diagram showing effect of Mn on composite lead 
oxide corrosion resistance, Fig. 2 is diagram showing effect of 
N, Ti, Al on composite lead oxide corrosion resistance, and Fig. 
3 shows number of rupture twist of invented alloys at the 
heating temperatures . 

_ MKMB56- 84445(5) 
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PURPOSETo obtain an inexpensive heat-resistant alloy which is excellent in corrosion resistance and 
strength at high temperatures by a method in which part of Ni of an Ni-based alloy is replaced with Mn and 
appropriate amounts of elements capable of raising strength at high temperature and C and N producible 
with the dissolution of the air are added to the Ni-based alloy. 

CONSTITUTIONS heat-resistant alloy contains 0.05-0.25wt% C t 1.00wt% or less Si, 5.0-15.0wt% Mn, 35.0- 
65.0wt% Ni, 20.0-35.0wt% Cr, 0.10-0.60wt% N, and Fe and impurity elements, together, as needed, with 
one or more of 0.05- 2.00wt% Mo, 0.05-2.00wt% W, 0.05-3.00wt% V, 0.05-3.00wt% Nb, and 0.0005- 
0.0100wt% B and also one or more of 0.01-0.5wt% Al, 0.005-0.1 00wt% rare earth elements, 0.0005- 
0.020wt% Ca, and 0.0005-0.0200wt% Mg. The heat- resistant alloy excellent in composite lead oxide 
corrosion resistance against S- compounds can be obtained, and is suitable for the manufacture of the 
exhaust valve, etc., of gasoline engine. 
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ABSTRACT: 

PURPOSE: To obtain an inexpensive heat-resistant alloy which is excellent in 
corrosion resistance and strength at high temperatures by a method in which 
- part of Ni of an Ni-based alloy is replaced with Mn and appropriate amounts of 
elements capable of raising strength at high temperature and C and N producible 
with the dissolution of the air are added to the Ni-based alloy. 

CONSTITUTION: A heat-resistant alloy contains 0.05∼0.25wt% C, 1.00wt% 
or 

less Si, 5.0∼15.0wt% Mn, 35.0∼65.0wt% Ni, 20.0∼35.0wt% Cr, 
0.10∼0.60wt% N, and Fe and impurity elements, together, as needed, with 
one 

or more of 0.05∼ 2.00wt% Mo, 0.05∼2.00wt% W, 0.05∼3.00wt% V, 



0.05∼3.00wt% Nb, and 0.0005∼0.0100wt% B and also one or more 
0.01∼0.5wt% Al, 0.005∼0.100wt% rare earth elements, 
0.0005∼0.020wt% 

Ca, and 0.0005∼0.0200wt% Mg. The heat- resistant alloy excellent in 
composite lead oxide corrosion resistance against S- compounds can be 
obtained, 

and is suitable for the manufacture of the. exhaust valve, etc., of gasoline 
engine. 
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